Valence correlation consistent and augmented correlation consistent basis sets have been determined for the third row, main group atoms gallium through krypton. The methodology, originally developed for the first row atoms, was first applied to the selenium atom, resulting in the expected natural groupings of correlation functions ͑although higher angular momentum functions tend to be relatively more important for the third row atoms as they were for the second row atoms͒. After testing the generality of the conclusions for the gallium atom, the procedure was used to generate correlation consistent basis sets for all of the atoms gallium through krypton. The correlation consistent basis sets for the third row main group atoms are as follows: cc-pVDZ: (14s11p6d)/͓5s4p2d͔; cc-pVTZ: (20s13p9d1 f )/͓6s5p3d1 f ͔; cc-pVQZ: (21s16p12d2 f 1g)/ ͓7s6p4d2 f 1g͔; cc-pV5Z: (26s17p13d3 f 2g1h)/͓8s7p5d3 f 2g1h͔. Augmented sets were obtained by adding diffuse functions to the above sets ͑one for each angular momentum present in the set͒, with the exponents of the additional functions optimized in calculations on the atomic anions. Test calculations on the atoms as well as selected molecules with the new basis sets show good convergence to an apparent complete basis set limit.
I. INTRODUCTION
In selecting a basis set for use in solving the electronic Schrödinger equation for atoms and molecules, the two primary criteria to consider are size and accuracy. Because the computational cost of atomic and molecular calculations scale as a high power of the number of basis functions ͑e.g., N 4 for Hartree-Fock, N 5 for second-order perturbation theory, and even higher for more accurate methods͒, it is important to keep the set as compact as possible for a given level of accuracy. In addition to these qualities, it is also desirable for the basis set to be a member of a family of sets that systematically approach the complete basis set limit. Knowing the complete basis sets limit, it becomes theoretically possible to decompose the error in any given calculated quantity into the sum of the basis set convergence error and the error in the electronic structure method. This distinction is critical if we are to understand the inherent limits of the numerous methods that have been developed to solve the electronic Schrödinger equation ͑e.g., configuration interaction, 1 perturbation theory, 2 and coupled cluster methods. 3 
͒
The correlation consistent basis sets, developed by Dunning for the first row elements boron through neon, 4 satisfy all of the above criteria. The correlation consistent sets are a family of basis sets-denoted by cc-pVDZ, cc-pVTZ, ccpVQZ, cc-pV5Z, ...-that systematically expand the coverage of the atomic radial and angular spaces, approaching the complete basis set limit as the size of the sets increase ͑i.e., as n→ϱ for cc-pVnZ). These sets are constructed by grouping together all of the functions that lower the atomic correlation energy by the same amount and then adding these groups sequentially to the atomic Hartree-Fock orbitals. Thus, for a given level of accuracy in the correlation energy, these sets are as compact as possible. It is possible to improve on the correlation energy obtained with the correlation consistent sets, as noted by Hashimoto et al., 5 by using contracted functions rather than primitive functions for the polarization sets. As expected, the improvements are most significant for the smaller sets and largely cancel out in computing energy differences.
In many instances it has been found that the convergence behavior of atomic and molecular quantities computed with the correlation consistent sets is sufficiently regular to allow the results to be extrapolated to the complete basis set limit using a series of calculations with increasing n. [6] [7] [8] [9] This allows the basis set convergence and electronic structure method errors to be clearly distinguished, often leading to surprising results. For example, for some molecular properties, the two errors are of opposite sign so that, for a particular basis set, the convergence error is counterbalanced by the method error and the calculation appears to be very accurate. This is the case for the dissociation energy (D e ) of N 2 . D e (N 2 ) calculated with the MP2 method and a cc-pVTZ basis set is very close to the experimental value: 229.2 kcal/ mol calculated versus 228.4 kcal/mol experimental. 10 How-ever, further expansion of the basis set shows that, in the complete basis set limit, the MP2 method overshoots the experimental dissociation energy by nearly 12 kcal/mol! More recently, the approach outlined by Dunning has been used to develop correlation consistent basis sets for the second row atoms, 11 to extend the augmented sets 12 to better describe electrical response properties, 13 to develop corevalence correlation consistent sets for the first row atoms, 14 and to extend the first and second row sets to include even larger, more accurate basis sets ͑cc-pV6Z and aug-cc-pV6Z͒. 15, 16 Because of the unique characteristics of the correlation consistent sets noted above, they have been used in more than a thousand studies reported in the literature. These studies have been directed toward a number of goals, including a better understanding of the convergence of molecular properties with basis set, the examination of extrapolation procedures to determine complete basis set limits, and the determination of accurate values for atomic and molecular quantities.
In this paper we extend this approach to the main group third row atoms, gallium to krypton. We find that, as was the case for the first and second row atoms, a family of basis sets can be logically constructed for gallium through krypton that become more and more accurate as the set is increased in size. Further, we find that atomic and molecular properties computed with these sets show convergence toward an apparent complete basis set limit. By making available correlation consistent basis sets for the third row atoms, we hope that molecules containing third row, main group atoms can finally be described at a level comparable to that for the first two rows, although in many instances relativistic effects will also need to be included to achieve this level of accuracy ͑see, e.g., Ref. 17͒. In Sec. II of this paper we focus on the procedure for developing the cc-pVnZ and aug-cc-pVnZ sets for the selenium atom. In Sec. III, we discuss the standard and augmented basis sets for gallium through krypton, reporting Hartree-Fock energies, as well as CCSD and CCSD͑T͒ valence correlation energies and electron affinities. Concluding remarks are given in Sec. IV. In subsequent papers we will report a series of benchmark calculations on molecules containing third row atoms ͑see also Refs. 18 and 19͒ that quantify the performance of the new basis sets.
II. METHODOLOGY
The first step in the development of the third row basis sets was to determine Hartree-Fock primitive sets ranging from (13s) to (26s), from (9p) to (18p), and from (4d) to (14d) for selenium. 20 As we shall see later, generating a full complement of HF primitive sets is needed to ensure a close match between the optimum ns-, np-, and nd-''correlation'' sets and the HF primitive sets adopted for each of the correlation consistent basis sets. These calculations were carried out with a modified version of the atomic Hartree-Fock program of Clementi. 21 To properly describe the ground state of selenium, the orbitals in the three 3 P configurations, 4s 2 4p x 2 4 p y 4 p z , 4s
2 4p x 4p y 2 4p z , and 4s 2 4p x 4p y 4p z 2 , were forced to be symmetry equivalent by basing the HF calculations on the average of the configurations. However, the singles and doubles configuration interaction ͑CISD, or HFϩ1ϩ2) calculations, as well as the coupled cluster calculations, included excitations from only one of the three configurations. Only excitations from the valence 4s-and 4 p-atomic orbitals were allowed. Thus, the current basis sets are only suitable for describing correlation of the electrons in the valence orbitals of the third row, main group atoms.
To allow the greatest flexibility in describing the atomic orbitals, the general contraction method of Raffenetti 22 was used. Pure spherical harmonics were used in all calculations; this not only reduces the number of functions used in the calculations, but also helps reduce linear dependence problems. All correlated calculations were performed using MOLPRO. 23 Although only calculations on selenium are reported in this section, an identical study was undertaken for the gallium atom. The general conclusions drawn from the gallium studies were identical to those based on the selenium studies. Thus, the results of that study are not reported here.
A. Determination of polarization sets "f,g,h,...… for selenium
To begin, a large primitive set of functions was chosen for selenium with an energy very near the HF limit ͑numeri-cal solution of the Hartree-Fock equations yields an energy of Ϫ2399.867 61 hartree 24 ͒. A (24s16p10d) primitive set contracted to ͓8s7 p1d͔ was selected as the ''base'' ͑spd͒ set. The ͓8s͔ functions are the four HF atomic orbitals plus the four most diffuse primitive Gaussian functions in the (24s) set. The ͓7 p͔ and ͓1d͔ sets were similarly defined. This set yields a HF energy of Ϫ2399.867 42 hartree, just 0.2 millihartree above the HF limit.
To determine the optimum ''polarization'' functions for use in correlated calculations, d, f, g, and h functions were sequentially and cumulatively added to the ͓8s7 p1d͔ base set and the exponents of the added functions optimized. As in previous work, the exponents were taken to be an eventempered series, given by
where N k is the number of functions in the set and ''l'' designates the angular symmetry ͑i.e., d, f ,...). In Eq. ͑1͒, ␣ and ␤ are optimized for each (l,N k ) set by minimizing the atomic CISD/HFϩ1ϩ2 energy. All of the added functions were uncontracted primitive functions. Various sets of 3d functions ͑for N k ranging from 1 to 6͒ were added to the base set, and the optimum ͑␣, ␤͒'s determined. The (4d) set was then added to the ͓8s7 p1d͔ base, to form a new base set, ͓8s7 p5d͔, and a series of 4 f functions were added to this set, and the ͑␣, ␤͒'s optimized. After that, a new base set, ͓8s7 p5d3 f ͔, was constructed and ͑␣, ␤͒'s optimized for 5g functions. Finally, an even larger base set, ͓8s7 p5d3 f 2g͔, was constructed and the exponent of a single 6h function was optimized.
The results of these calculations are summarized in Table I . In order to interpret the results, the following definitions are useful. The incremental energy lowering, ⌬E k,kϪ1 , is defined as the energy obtained by adding the first function of a higher angular symmetry ''l'' to its base set ͑e.g., adding the first f function to the ͓8s7 p5d͔ set͒,
or by extending the number N k of functions of the same symmetry ''l'' ͑e.g., by adding a second f function to the ͓8s7 p5d1 f ͔ set͒,
⌬E k,kϪ1 provides a direct measure of the importance of each expansion of the correlation set, providing the metric used for the construction of the correlation consistent basis sets. In Table I , these energy lowerings, as well as the optimized exponents and total energies, are provided for the following sets of polarization functions: 1d -6d, 1 f -3 f , 1g and 2g, and 1h. In Fig. 1 , the energy lowerings obtained for the various angular momentum sets are plotted. As can be seen, for the first few members of the series, ⌬E k,kϪ1 , decreases nearly exponentially. For the d sets, however, there is a pronounced ''knee'' in the plot, beginning at kϭ4. This ''knee'' was also found in calculations on the sulfur atom ͑see Fig. 2͒ , although it is slightly more pronounced-if at lower energy-in selenium than in sulfur. The presence of the knee seems to be due to the fact that the valence orbitals of the second and third row atoms have significant electron density in the region occupied by the next lower shell ͑the L shell for sulfur and the M shell for Se͒. This requires functions with higher exponents than found in the standard valence set. For both sulfur and selenium, there is a change in the exponent pattern at the knee, 11 with higher exponent functions suddenly being added to the basis set ͑in an even-tempered expansion this occurs when ␣ kϩ1 Ϸ␣ k ).
The energy lowerings for the f and g sets of sulfur and selenium are quite similar ͑see Fig. 2͒ . We also find that the first function of the given angular momentum is more important in sulfur and selenium than in oxygen, but the addition of subsequent functions of that angular momentum is less important, with the difference increasing with k.
B. Determination of sp sets for selenium
Now that optimum polarization (d, f ,g, . . . ) sets have been determined, the s and p sets can be optimized. To optimize the s sets, we employ a (24s16p10d)/͓4s7p1d͔ ϩ(3d2 f 1g) base set, while for the p sets we use a (24s16p10d)/͓8s3p1d͔ϩ(3d2 f 1g) base set. Following the procedure outlined above, we obtain the results summarized in Table II . As for the sulfur atom, 11 for all sets, save the (2s) set, we find two distinct minima on the ͑␣,␤͒ surface: one at ␣ and one at approximately 3␣. In fact, the 3␣ sets give the lower total energies, although the differences are small compared to the corresponding incremental energy lowerings. As for sulfur, we have chosen to use the sets based on the smaller ␣'s, following the observation that, in constructing molecular basis sets, it is important to maintain maximum flexibility in the outermost functions, as these functions describe the internuclear regions of a molecule, which are the regions that differ most from the atoms. 4, 11, 25 In Fig. 3 we plot the incremental energy lowering in selenium for the sp, d, f, g, and h sets, grouping the sets together to form ''correlation consistent'' sets ͑the energy lowerings for the sp sets were approximated by summing the energy lowerings given in Table II͒ . For oxygen we found that the curves corresponding to those in Fig. 3 were well separated and nearly flat. 4 That was not the case for sulfur 11 and is not the case for selenium. Here we see a very significant upward trend as the angular momentum increases. The net result is that the energy lowerings for the low angular momentum functions of one set can be very similar to those for the high angular momentum functions for the next larger set. This means that it might be possible to construct the correlation consistent basis sets using an alternate formulation, e.g., dropping the second sp set from the cc-pVTZ set, then including the second sp set in the cc-pVQZ set but dropping the third sp and d set, etc. We have chosen not to do this here. Part of the consistency observed as a result of using the correlation consistent sets is due to the gradual, ever-expanding coverage of both the atomic radial and angular spaces. The alternate formulation might break that pattern, resulting in less consistency, even though the total energies would be lower. However, it would certainly be worthwhile to investigate such alternative formulations of the correlation consistent sets at some point in the future. One could use the optimum s and p sets given in Table II in atomic and molecular calculations, combined with a suitable representation of the atomic Hartree-Fock orbitals. However, as before, we have chosen to substitute the optimum ''correlation'' s and p exponents with the corresponding set of exponents from an appropriate Hartree-Fock set. This is done as illustrated in Tables III and IV. The optimum 1s exponent is 0.1467. The most diffuse exponent in the HF (13s) primitive set has an exponent of 0.138 32. Substitution of this exponent for the optimum exponent decreases the magnitude of the correlation energy recovered by just 0.040 mE h compared to a total energy lowering for an addition of the 1s-correlation function of Ϫ8.148 mE h ͑a 0.5% effect͒.
Further, as shown in Table VI , the Hartree-Fock error associated with use of the (13s) primitive set is substantially smaller than the correlation energy error ͑a desirable attribute-it should be easier to describe the HF wave function than the correlated wave function͒. Thus, the (13s) primitive set provides a good compromise s set for the ccpVDZ set. With this choice, the ͓5s͔ functions in the ccpVDZ set are the 1s -4s atomic orbitals expanded in the (13s) set plus the single outermost primitive function in the (13s) set. A similar process identifies the (11p) set as the best set to use in the cc-pVDZ set, as well as the optimum s and p sets to be used for the cc-pVTZ through cc-pV5Z sets.
We made a few minor adjustments to the above procedure. First, because of the large number of calculations reported on third row species with (14s11p5d) sets, 26, 27 we selected a HF (14s) primitive set for the cc-pVDZ set instead of the (13s) primitive set. This decreases the magnitude of the correlation energy recovered by only 0.016 mE h for selenium. Second, for the cc-pVQZ set we used the (21s) primitive set because the (20s) set was used in the cc-pVTZ set. Finally, for a similar reason we used the (17p) set instead of the (16p) primitive set for the cc-pV5Z set. These choices also ensure that the errors in the correlation energy are larger than the errors in the Hartree-Fock energy; see Table VI .
C. Determination of combined d sets for selenium
In comparing the ''correlation'' d sets with the HartreeFock d sets, it was noted that there was often a considerable overlap between the two. To minimize the number of d functions used in the calculations, we have taken full advantage of this overlap. In Table V we show that we can use the most diffuse function in the HF (8d) primitive set to replace the tighter function in the correlation 2d set. The resulting error is just 0.047 mE h , compared to a total energy lowering of TABLE III. Errors in the valence correlation (CISD/HFϩ1ϩ2) energy for selenium due to substituting optimized s exponents with the exponents from selected HF primitive sets. Total energies (E HFϩ1ϩ2 ) are given in hartrees; correlation energies and incremental correlation energy errors (E corr and ⌬E corr ) are given in millihartrees. ⌬E corr is measured relative to the corresponding optimum ns-correlation set. The base set is (24s16p10d)/͓4s3p1d͔ ϩ(5p3p2 f 1g) and the corresponding HF energy is Ϫ2399.867 421 hartrees. Ϫ8.436 mE h ͑Table I͒. Likewise, we can replace the two tighter functions in the correlation 3d set with the two most diffuse functions in the HF (11d) primitive set and the three tighter functions in the correlation 4d set with the three most diffuse functions in the HF (12d) primitive set. This means that the cc-pVTZ set will use a (8d)/͓2d͔ϩ(1d) set, the cc-pVQZ set will use a (11d)/͓3d͔ϩ(1d) set, and the ccpV5Z set will use a (12d)/͓4d͔ϩ(1d) set. For use in the final cc-pVnZ sets, we reoptimized the exponent of the (1d) function in each of these sets, but left the exponents involved in the HF orbitals unchanged. This recovered some of the correlation energy losses listed in Table V . These choices for the cc-pVnZ sets also lead to HF errors that are smaller than the correlation energy errors; see Table VI . The above process does not determine which HF ͑nd͒ set to use for the cc-pVDZ set. For this set, we selected a HF (5d) primitive set, again because of the widespread use of the (14s11p5d) sets. This means that the cc-pVDZ sets determined here are very similar to the double zeta sets for the third row atoms that have been in wide use for a number of years. 26, 27 It does mean, however, that the error in the HF energy resulting from use of the (5d) set is larger than the error in the valence correlation energy, but, of course, the (5d) set describes a core orbital, not a valence orbital.
D. Determination of augmenting sets for selenium
For calculations on atomic and molecular anions, as well as to improve the description of long range interactions, [28] [29] [30] potential energy surfaces for chemical reactions, 31 ,32 proton affinities, [33] [34] [35] etc., the standard cc-pVnZ sets must be augmented with a set of diffuse functions. We follow the procedure first used by Kendall et al. 12 to determine the exponents for the functions used to augment each of the angular sets. Namely, Hartree-Fock calculations on the negative ions are used to optimize the additional s and p functions, while CISD calculations are used to optimize the additional d, f ,g,..., functions. The results of these calculations on selenium are listed in Table VII. As was found for both oxygen and sulfur, the largest TABLE IV. Errors in the valence correlation (CISD/HFϩ1ϩ2) energy for selenium due to substituting optimized p exponents with the exponents from selected HF primitive sets. Total energies (E HFϩ1ϩ2 ) are given in hartrees; correlation energies and incremental correlation energy errors (E corr and ⌬E corr ) are given in millihartrees. ⌬E corr is measured relative to the corresponding optimum np-correlation set. The base set is (24s16p10d)/͓4s3p1d͔ ϩ(5s3d2 f 1g) and the corresponding HF energy is Ϫ2399.867 421 hartrees. effect on the electron affinity arises from the addition of a diffuse p function. This is the case for all of the cc-pVnZ selenium sets. However, the increases in the electron affinity resulting from the addition of diffuse functions with higher angular momentum are not negligible, e.g., for the cc-pVTZ set, the addition of the diffuse d and f functions each increase the electron affinity of selenium by 25% of that due to the addition of the diffuse p function. Although this effect becomes less pronounced as the set becomes larger, in aggregate the addition of diffuse higher angular momentum functions will be important for highly accurate calculations on negative ions.
III. RESULTS AND DISCUSSION FOR THE ATOMS GALLIUM THROUGH KRYPTON
The procedure outlined in Sec. II for selenium was used to generate cc-pVnZ and aug-cc-pVnZ sets for the gallium TABLE VI. Errors in the valence 4s and 4p and 3d Hartree-Fock ͑HF͒ energies for selenium for selected HF primitive sets. Total energies (E HF ) are given in hartrees; Hartree-Fock energy errors (⌬E HF ) are given in millihartrees. ⌬E HF is measured relative to the (24s), (18p), or (12d) HF sets. In these calculations, only the 4s, 4p, or 3d orbitals are expanded in the indicated sets; all other orbitals are expanded in a (24s18p12d) set. Thus, the ⌬E HF 's measure only the error in the HF energy resulting from the use of the indicated set to describe the selected orbital. The base set is (24s16p10d)/͓4s2p1d͔. c The base set is (24s16p)/͓4s3p͔. TABLE VII. Contributions from augmenting functions for the selenium anion and atom. Total energies are given in hartrees; the electron affinity ͑EA͒ and the change in electron affinity ͑⌬EA͒ are given in eV. ⌬EA is the difference between the current value and the previous one. The experimental EA for selenium is 2.0206 eV. through krypton atoms. In Table VIII we report the HF energies and CISD, CCSD, and CCSD͑T͒ correlation energies for these atoms obtained with the new cc-pVnZ basis sets ͑see Fig. 4͒ . As can be seen, the HF energies computed with the cc-pV5Z set are very close to the Hartree-Fock limitthe error ranges from 0.05 to 0.06 mE h . For the cc-pVTZ sets the errors are larger, however, the range of errors is still relatively small-2.41 to 2.86 mE h . In Table IX we list the exponents for the diffuse functions used to augment the standard cc-pVnZ sets as well as the CCSD͑T͒ energies and electron affinities ͑EAs͒ computed with the aug-cc-pVnZ basis sets ͑see Fig. 5͒ . Comparing the CCSD͑T͒ energies of the neutral atoms obtained with the aug-cc-pVnZ sets to the values of E HF ϩE corr reported in Table VIII for the cc-pVnZ sets, we see that augmentation decreases the energy obtained with the cc-pVDZ set substantially, by 1.39 to 9.85 mE h for gallium and bromine, respectively. However, the effect decreases as n increases, becoming just 0.05 to 0.64 mE h for those same atoms for the ccpV5Z set.
As can be seen in Table IX , the computed electron affinities converge to well-defined limits as n increases in the aug-cc-pVnZ sets. The difference between the aug-cc-pVQZ and aug-cc-pV5Z results are all less than 0.03 eV, while that between the aug-cc-pVDZ and aug-cc-pV5Z results can exceed 0.3 eV. In Table IX , it was only possible to correct for spin-orbit effects for Ge and Br. In both cases the calculations slightly overestimate the measured electron affinity-by 0.028 eV for Ge and 0.008 eV for Br. These errors could be due to a number of effects neglected in the current calculations, including scalar relativistic effects and core-valence correlation effects, as well as errors in the CCSD͑T͒ method itself. For the other atoms, Ga, As, and Se, there is insufficient information on the negative ions to correct for spin-orbit effects. Thus, the differences between the CCSD͑T͒ and measured results listed in Table IX for these three atoms include this source of error as well.
IV. BENCHMARK CALCULATIONS WITH THE NEW CORRELATION CONSISTENT BASIS SETS
The cc-pVnZ and aug-cc-pVnZ sets have already been used in a wide ranging series of benchmark calculations. Molecules that have been studied include a full range of diatomics (A 2 and AB, where A represents a third row atom and B represents a hydrogen, halogen, oxygen, sulfur, or other third row atoms͒ as well as several larger systems. [36] [37] [38] These calculations, as well as those reported by Peterson, 18, 19 indicate that the new basis sets provide an unparalleled level of accuracy for molecular calculations. In these studies, we observed the same general convergence behavior seen in the molecular properties computed with the first and second row correlation consistent basis sets. However, we observed an interesting behavior in a number of benchmark calculations involving molecules formed from atoms at the left side of the third row, main group combined with oxygen and fluoride. In such molecules, the 3 d gallium/germanium and 2s oxygen/fluorine orbitals in the HF calculations are nearly degenerate. This behavior confounds the separation between core and valence orbitals, resulting in inaccurate descriptions of the systems if frozen core calculations are performed. The problem can be addressed either by unscrambling the ''arbitrarily'' mixed (3 dϩ2s) and (2sϪ3 d) orbitals or by including the 3d orbitals in the correlated calculations.
The latter approach is, of course, far more expensive than the former. All of these results will be reported shortly.
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V. CONCLUSIONS
In this work, we extended the correlation consistent basis sets to the third row, main group atoms gallium through krypton. Both standard, cc-pVnZ, and augmented, aug-cc-pVnZ, sets are reported for nϭD, T, Q, and 5. The standard sets are cc-pVDZ: ͑ 14s11p6d ͒/͓5s4 p2d͔,
The augmented sets include an additional function for each angular momentum present in the standard set. The new basis sets can be retrieved from the EMSL Gaussian Basis Set Library at http://www.emsl.pnl.gov:2080/forms/basisform. html. The availability of these sets, which appear to systematically converge toward the complete basis set limit, provide a means for calculating accurate, nonrelativistic values for a wide range of molecular properties.
The current correlation consistent basis sets are appropriate for correlating the electrons in the valence 4s and 4p TABLE IX. Optimized exponents for the augmenting functions for the cc-pVnZ sets, anion and neutral energies, and calculated and experimental electron affinities for the third row atoms gallium through bromine. Total energies ͓E CCSD͑T͒ ͔ are given in hartrees; electron affinities ͑EA͒ are in electron-volts. Only the electrons in the valence 4s and 4 p orbitals have been correlated. Exponents for the augmenting functions for krypton were obtained by extrapolation from the exponents for the preceding atoms.
Atom
Basis set orbitals of the third row atoms, gallium through krypton. As we will show in subsequent molecular benchmark studies, [36] [37] [38] inclusion of only valence correlation effects does yield high accuracy results for many molecular properties in molecules containing third row atoms. In making this statement, however, one must be careful to avoid pseudocore/valence effects ͑see Sec. III and Ref. 37͒. It should also be noted that, for accurate predictions of some molecular properties, it will be necessary to include relativistic effects ͑both spin-orbit and scalar effects͒. Work is currently underway on core-valence basis sets for Ga-Kr. 
